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SYSTEM AND METHOD FOR CHARGING
BATTERY

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of priority to
Korean Patent Application No. 10-2018-0158994, filed on

Dec. 11, 2018 with the Korean Intellectual Property Ofhice,
the entire contents of which 1s incorporated herein for all
purposes by this reference.

TECHNICAL FIELD

The present disclosure relates to a system and method for
charging a battery and, more particularly, to a system and
method for charging a battery, wherein the system and
method are capable of delaying deterioration of a battery by
adjusting a magnitude of a battery charging current accord-
ing to a deterioration state of the battery.

BACKGROUND

As the problems of global warming and environmental
pollution become serious, research and development of
environmentally friendly vehicles that may reduce environ-
mental pollution as much as possible 1n the automobile
industry are being actively carried out, and the market for
environmentally friendly vehicles 1s also gradually expand-
ing.

As eco-Iriendly vehicles, an electric vehicle, a hybnd
vehicle, and a plug-in hybrnid vehicle using electric motors
that generate driving force by using electric energy instead
ol engines that generate driving force by burning conven-
tional fossil fuels are being introduced all over the world.
Among the eco-iriendly vehicles using the electric energy,
the electric vehicle and the plug-in hybrnid vehicle charge a
battery provided 1n the vehicle with electric power supplied
from external charging facilities connected to a grid and
produce the necessary kinetic energy required for driving the
vehicle by using power charged in the battery.

Meanwhile, available for the vehicle battery are a boost
charge technique that provides DC power directly to the
battery, and a slow charge technique that converts AC power
into DC power using a battery charger mounted on the
vehicle battery, thereby providing the DC power to the
battery. In both of the two charging methods, the battery
management system provided in the vehicle provides a
current command to the charger for charging so that charg-
ing 1s performed in such a manner that the charger supplies
the charging current corresponding to the current command
provided thereto to the battery.

At this time, the current command provided to the charger
1s a value appropriately determined in advance taking a
capacity and charging time of the battery into consideration.
A C-rate 1s used as a unit for expressing the magnitude of the
charging current supplied to or discharging current dis-
charged from the battery. The C-rate 1s the charging current
or discharging current divided by the total capacity of the
battery. Conventionally, the magnitude of the charging cur-
rent 1s determined according to the C-rate determined in
consideration of an i1mitial battery capacity at the time of
manufacturing the vehicle.

For example, 1n the case of a vehicle to which a battery
having a capacity of 100 Ah 1s applied, when the charging
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current 1s 1mtially determined to be charged by the boost
charge at a rate of 1 C-rate, the magnitude of the charging
current becomes 100 A.

However, as a period of use of the battery increases,
deterioration of the same progresses, whereby the capacity
of the same decreases. When the capacity of a battery with
a capacity of 100 Ah decreases to 70% of the 1mitial battery
capacity due to deterioration, the C-rate of the boost charge
increases to 100/70 (about 1.4).

As described above, conventionally, the magnitude of the
charging current 1s determined 1n consideration of the initial
battery capacity and the magnitude of the charging current
determined as above 1s used regardless of the battery capac-
ity change, so that the C-rate increases continuously as the
battery deterioration progresses. Accordingly, the ratio of the
charging current to the capacity of the battery increases
relatively in magnitude, which increases the current load of
the battery, thereby causing the battery deterioration to be
turther accelerated.

It should be understood that the foregoing description of
the background art 1s merely for the purpose of promoting an
understanding of the background of the present disclosure
and 1s not to be construed as admission that this 1s a
conventional art known to those of ordinary skill in the art.

SUMMARY

Accordingly, the present disclosure has been made keep-
ing 1n mind the above problems occurring 1n the related art,
and the present disclosure 1s mtended to provide a system
and method for charging a battery, wherein the system and
method are capable of delaying deterioration of a battery by
adjusting a magnitude of a battery charging current accord-
ing to a deterioration state of the battery.

In order to achieve the above object, according to an
exemplary embodiment of the present disclosure, a system
for charging a battery may include: a battery; a charger for
providing the battery with a charging current corresponding
to a charging current command that i1s mputted into the
charger; and a controller configured to store a preset mag-
nitude of an i1mtial charging current, convert the preset
magnitude of the initial charging current on the basis of a
state of health of the battery, thereby generating the charging,
current command, and provide the charger with the gener-
ated charging current command.

In an exemplary embodiment of the present disclosure,
the preset magnitude of the imitial charging current may be
a magnitude of a charging current set to be provided to the
battery 1n a state where deterioration of the battery has not
progressed.

In an exemplary embodiment of the present disclosure,
the state of health may be a value expressed as a percentage,
the value being a ratio of a current capacity of the battery to
a capacity of the battery in a state where deterioration of the
battery has not progressed.

In an exemplary embodiment of the present disclosure,
the controller may be further configured to determine the
preset magnitude of the mitial charging current being
reduced by a magnitude corresponding to the state of health
to be the charging current command.

In an exemplary embodiment of the present disclosure,
the controller may be further configured to determine the
charging current command by an equation,

SOH

1= 220 A
100
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where 1 1s a magnitude of the charging current command,
SOH 1s the state of health, and A i1s the initial charging
current.

According to another exemplary embodiment of the pres-
ent disclosure, a method for charging a battery may include
steps of:

obtaining a state of health of the battery and a magmtude
of an 1nitial charging current preset for the battery;

converting the magnitude of the mitial charging current
on the basis of the state of health of the battery, thereby
generating a charging current command; and

providing the charging current command to a charger, and
supplying a charging current corresponding to the charging
current command to the battery by the charger.

In an exemplary embodiment of the present disclosure,
the magnitude of the initial charging current may be a
magnitude of a charging current set to be provided to the
battery in a state where deterioration of the battery has not
progressed.

In an exemplary embodiment of the present disclosure,
the state of health 1s a value expressed as a percentage, the
value being a ratio of a current capacity of the battery to a
capacity of the battery i1n a state where deterioration of the
battery has not progressed.

In an exemplary embodiment of the present disclosure,
the step of supplying the charging current may determine the
magnitude of the mmitial charging current reduced by a
magnitude corresponding to an amount of the state of health
as the charging current command.

In an exemplary embodiment of the present disclosure,
the step of supplying the charging current determines the
charging current command by an equation,

SOH

1= A
0o

where 1 1s a magnitude of the charging current command,

SOH 1s the state of health, and A i1s the initial charging
current.

According to the system and method for charging the
battery, it 1s possible to appropriately reduce the magmtude
of the charging current provided by the battery in consid-
cration of the decrease 1n capacity because of deterioration
arising irom aging of the battery, thereby preventing the
battery charging current load from being increased.

Accordingly, according to the system and method for
charging the battery, 1t 1s possible to prevent the battery
deterioration from being rapidly increased because of an
increase in the battery charging current load and to increase
the operable service life of the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description when taken 1n
conjunction with the accompanying drawings, in which:

FIG. 1 1s a block diagram of a system for charging a
battery according to an exemplary embodiment of the pres-
ent disclosure;

FIG. 2 1s a flowchart of a method for charging a battery

according to an exemplary embodiment of the present
disclosure; and
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FIG. 3 1s a graph showing changes in magnitudes of
charging currents when a system and method for charging a
battery according to an exemplary embodiment of the pres-
ent disclosure 1s applied.

It may be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified rep-
resentation of various features illustrative of the basic prin-
ciples of the disclosure. The specific design features of the
present disclosure as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particularly
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present disclosure throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Retference will now be made 1n detail to various embodi-
ments of the present disclosure, examples of which are
illustrated 1n the accompanying drawings and described
below. While the inventive concept(s) will be described in
conjunction with exemplary embodiments of the present
disclosure, i1t will be understood that the present description
1s not intended to limit the mmventive concept(s) to those
exemplary embodiments. On the other hand, the mnventive
concept(s) 1s/are intended to cover not only the exemplary
embodiments of the present disclosure, but also various
alternatives, modifications, equivalents and other embodi-
ments, which may be included within the spirit and scope of
the imnventive concept(s) as defined by the appended claims.

FIG. 1 1s a block diagram of a system for charging a
battery according to an exemplary embodiment of the pres-
ent disclosure.

The system for charging a battery according to an exem-
plary embodiment of the present disclosure may be config-
ured to include: a battery 10; chargers 15 and 17 generating
a charging current corresponding to a charging current
command input thereinto, thereby providing the charging
current to the battery 10; and a controller 13 storing a preset
magnitude of an i1mtial charging current, converting the
magnitude of an initial charging current on the basis of a
state of health (SOH) of the battery 10, thereby generating
the charging current command, and providing the generated
charging current command to the chargers 15 and 17.

The battery 10 1s a device storing electric energy. In the
case of the electric vehicle or plug-in hybrid vehicle, the
battery 10 may be a battery that supplies power to a motor
that provides torque to drive wheels of the vehicle. Mean-
while, the battery 10 may be charged by the charging current
provided by the chargers 15 and 17.

When charging 1s requested, the chargers 15 and 17 may
supply the charging current to the battery 10. The chargers
15 and 17 may include a boost charger 15 that may supply
DC power directly to the charging plug of the vehicle,
thereby allowing the battery 10 to be rapidly charged, and an
vehicle on board charger (OBC) 17 that 1s mounted on the
vehicle and may convert AC power mput to the charging
plug of the vehicle into DC power and supply the DC power
to the battery 10, thereby allowing the battery 10 to be

charged.
Both of the boost chargers 15 and the vehicle OBC 17

may be provided with charging current commands from the
controller 13 respectively and controlled through processors
or the like thereinside so as to output currents corresponding
to the charging current command respectively.
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The controller 13 may provide the charging current com-
mand to the boost charger 15 and the vehicle OBC 17. In the
case of the electric vehicle or plug-in hybrnid vehicle, an
in-vehicle battery management system (BMS) may be
included for managing the maintenance and charging of the
battery 10. In an exemplary embodiment of the present
disclosure, the controller 13 may be the in-vehicle BMS.

The controller 13 may be provided with battery informa-
tion such as temperature, voltage, a current, and the like of
the battery 10 and may generate various mnformation nec-
essary for battery management accordingly. For example,
the controller 13 may calculate a state of charge (SOC) of the
battery 10 or calculate or derive the SOH of the battery 10
using the battery information. In addition, the controller 13
may include information on the mitial charging current of
the battery 10 1n a memory (not shown) provided therein.

The mitial charging current has a predetermined magni-
tude when the battery 10 1s in an 1mitial state where the
deterioration of the battery 10 has not progressed.

The controller 13 may include at least one memory and at
least one processor programmed to perform the functions
described above.

In an exemplary embodiment of the present disclosure,
the controller 13 may generate the charging current com-
mand provided to the chargers 15 and 17 on the basis of the
SOH of the battery 10 and the magnitude of the initial
charging current.

FIG. 2 1s a flowchart of a method for charging a battery
according to an exemplary embodiment of the present
disclosure. The method for charging the battery according to
an exemplary embodiment of the present disclosure 1is
implemented by the system for charging the battery accord-
ing to an exemplary embodiment of the present disclosure
described above. Therefore, an operation and eflect of the
system for charging the battery according to the exemplary
embodiment of the present disclosure may be more clearly
explained through the detailed description of the method for
charging the battery according to an exemplary embodiment
of the present disclosure.

With reference to FIG. 2, the method for charging the
battery according to an exemplary embodiment of the pres-
ent disclosure may be configured to include: step S11 of
obtaining the SOH of the battery 10 and a magnitude of an
initial charging current preset for the battery 10 by the
controller 13; step S12 of converting, by the controller 13,
the magnitude of the initial charging current on the basis of
the SOH of the battery 10, thereby generating a charging
current command; and step S13 of providing the charging
current command to a chargers 15 and 17 providing a
charging current to the battery 10, and supplying the charg-
ing current corresponding to the charging current command
to the battery 10 by the chargers 15 and 17.

In step S11, the controller 13 may obtain the SOH of the
battery 10 and the magnitude of the initial charge current.

A degree of deterioration of the battery 1s a factor indi-
cating the service life of the battery and also called as the
SOH. The SOH of the battery may be expressed as a
percentage calculated by taking the total capacity of the
battery as a denominator in the imtial state where the
deterioration of the battery has not progressed and the total
capacity of the battery in the present state as a numerator.
For example, 70% of the SOH of the battery means that the
capacity of the battery has decreased to a 70% level of the
capacity of the battery at the initial stage when the deterio-
ration has not progressed.

Techniques for deriving the SOH of the battery are
already well known 1n the art. For example, the SOH of the
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battery may be determined by a method 1n which informa-
tion on a battery state such as the temperature, current, and
voltage of the battery 1s collected, whereby the battery state
1s calculated by applying information on the battery state to
a preset calculation formula of the SOH of the battery, or, by
using the preset data map, the SOH of the battery matched
in advance with the information on the state 1s found.

The mitial charging current 1s a predetermined value so
that the battery 10 may meet the preset C-rate at a state
where the battery 10 i1s not deteriorated immediately after
completion of charging and before use thereof. For example,
when the i1mitial capacity before the deterioration of the
battery 1s 100 Ah and the C-rate determined by taking
charging time into consideration 1s 1, the predetermined
magnitude of the charging current becomes 100 A. Natu-
rally, the charging current may be gradually decreased as the
SOC 1ncreases while the battery 10 1s charged. The charging
current to be reduced may also be set in advance. The preset
magnitude of the initial charging current may be stored in a

memory (not shown) or the like in the controller 13 and read
and used as needed.

As the period of use of the battery 10 increases, the
deterioration of the battery 10 progresses, and the capacity
of the battery 10 gradually decreases accordingly. Providing
a charging current that 1s mitially set to a battery of which
capacity 1s reduced results in a relative increase in the
current load of the battery, which causes the battery to be
overloaded, thereby increasing a deterioration speed of the
battery.

An exemplary embodiment of the present disclosure, 1n
step S12, the controller 13 may convert the initial charging
current command taking the battery 10 of which capacity 1s
reduced 1nto consideration and provide the converted charg-
ing current command to the chargers 15 and 17. In step S12,
the controller 13 may determine the magnitude A of the
initial charging current being reduced by a magnitude A
corresponding to the SOH as the magnitude A of the
charging current of the battery 10 that has undergone dete-
rioration. For example, the controller 13 may determine the
magnitude A of the charging current of the battery 10 that
has undergone deterioration, by reflecting the SOH as shown
in the following equation.

SOH

|Equation]
—— XA
00

I =

For example, when the SOH of the battery 10 1s 70, and
the preset 1mitial charge current 1s 100 A, the magnitude of
charging current of the battery 10 that has undergone dete-
rioration may be determined as 100%*70/100=70 A’.

In step S13, the controller 13 may provide the magnitude
of the charging current of the battery 10 that has undergone
deterioration to the chargers 15 and 17 as a current command
and control chargers, through a processor and the like
provided 1n each charger, to allow the magnitude of the
output current of the controller 13, that 1s, the charging
current supplied to the battery 10, to be adjusted to a
magnitude corresponding to the current command, whereby
the charging current reduced by taking the SOH into con-
sideration may be supplied to the battery 10.

The current control method of each of the chargers 15 and
1s a known technique for each charger, so a detailed descrip-
tion thereotf will be omitted.

The above-described steps S11 to S13 may be repeated at
predetermined time intervals until set charging time or a set




US 11,340,304 B2

7

target SOC 1s satisfied, and when the set charging time has
clapsed or the set target SOC 1s attained, the controller 13
may stop the operation of the chargers 15 and 17, whereby
the charging operation may be completed 1n step S14.

FIG. 3 1s a graph showing changes in magnitudes of 5

charging currents when a system and method for charging a
battery according to an exemplary embodiment of the pres-
ent disclosure 1s applied. The charging method shown 1n
FIG. 3 1s an example of a step charging method charging by
gradually reducing the charging current with time.

As shown in FIG. 3, 1n a state where the SOH of the
battery 10 1s 100, that 1s, 1n the state where the deterioration
has not progressed, the charging is performed with the
charging current reduced stage by stage from 200 A as time
clapses and 1s performed up to about 170 Ah at which the
SOC becomes 100.

However, when the SOH of the battery 1s 90, the mag-
nitude of the charging current 1s reduced to about %o as
compared with the same when the SOH of the battery 1s 100,
and the final charging amount 1s also about 150 Ah which 1s
a %10 level of 170 Ah. Also, when the SOHs of the battery
are 80 and 70, respectively, 1t may be confirmed that the
magnitudes of the charging currents and the final charge
amounts are reduced to follow corresponding rates, respec-
tively.

As described above, by reducing the magnitude of the
charging current for the battery taking the SOH of the
battery into consideration according to various embodiments
of the present disclosure, 1t 1s possible to prevent the
increase of the current load of the battery because of the
decrease of the battery capacity due to deterioration of the
battery. Accordingly, 1t 1s possible to prevent a deterioration
speed of the battery from being accelerated, thereby increas-
ing the service life of the battery.

While the mventive concept(s) has/have been shown and
described with respect to the specific embodiments thereof,
it will be apparent to those skilled 1n the art that various
modifications and variations may be made in the present
disclosure within the scope of the claims below.

What 1s claimed 1s:

1. A system for charging a battery, the system comprising:

a battery;

a charger for providing the battery with a charging current
corresponding to a charging current command that 1s
inputted into the charger; and

a controller configured to store a preset magmtude of an
initial charging current, convert the preset magnitude of
the mitial charging current on the basis of a state of
health of the battery, thereby generating the charging
current command, and provide the charger with the
generated charging current command,
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wherein the preset magnitude of the mitial charging
current 1s a magnitude of a charging current set to be
provided to the battery 1n a state where deterioration of
the battery has not progressed, and

wherein the controller 1s further configured to determine
the charging current command by an equation, I=SOH/

100* A, where I 1s a magnitude of the charging current
command, SOH 1s the state of health, and A 1s the 1nitial
charging current.
2. The system of claim 1, wherein the state of health 1s a
value expressed as a percentage, the value being a ratio of
a current capacity of the battery to a capacity of the battery
in a state where deterioration of the battery has not pro-
gressed.
3. The system of claim 1, wherein the controller 1s turther
configured to determine the preset magnitude of the mitial
charging current being reduced by a magnitude correspond-
ing to the state of health to be the charging current com-
mand.
4. A method for charging a battery, the method comprising,
steps of:
obtaining a state of health of the battery and a magnitude
of an 1mitial charging current preset for the battery;

converting the magnitude of the initial charging current
on the basis of the state of health of the battery, thereby
generating a charging current command; and

providing the charging current command to a charger, and
supplying a charging current corresponding to the
charging current command to the battery by the char-
ger,

wherein the magnitude of the 1nitial charging current 1s a

magnitude of a charging current set to be provided to
the battery 1n a state where deterioration of the battery
has not progressed, and

wherein in the step of supplying the charging current, the

charging current command 1s determined by an equa-
tion, I=SOH/100*A, where 1 1s a magnitude of the
charging current command, SOH 1is the state of health,
and A 1s the mitial charging current.

5. The method of claim 4, wherein the state of health 1s a
value expressed as a percentage, the value being a ratio of
a current capacity of the battery to a capacity of the battery
in a state where deterioration of the battery has not pro-
gressed.

6. The method of claim 4, wherein 1n the step of supplying
the charging current, the magnitude of the mitial charging
current reduced by a magnitude corresponding to an amount
of the state of health 1s determined to be the charging current
command.
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